Abstract. For 2 < p < dim M we establish existence of global weak solutions of the p-harmonic ow between Riemannian manifolds M and N for arbitrary initial data having nite p-energy in the case when the target N is a homogeneous space with a left invariant metric. In particular we construct a solution for all T > 0. In the proof we combine a (time-) discrete scheme with certain compactness properties of the p-harmonic ow into homogeneous spaces.
on N. Upper indices denote components, whereas @ denotes the derivative with respect to the coordinate variable x . We use the usual summation convention. Variation of the energy-functional yields the Euler-Lagrange equations of the p- is called p-Laplace operator (for p = 2 this is just the Laplace-Beltrami operator and does not depend on N). On the right hand side of (3) the ? l ij denote the Christo el-symbols related to the manifold N. According to Nash's embedding theorem we can think of N as being isometrically embedded in some Euclidean space IR k since N is compact. Then, if we denote by F the function f regarded as a function into N IR k , equation (3) admits a geometric interpretation, namely p F ? T F N with p being the p-Laplace operator with respect to the manifolds M and IR k . For p > 2 the p-Laplace operator is degenerately elliptic. (Weak) solutions of (3) are called (weakly) p-harmonic maps. One possibility to generate p-harmonic maps is to investigate the heat ow related to the p-energy, i.e. to look at the heat owequation @ t f ? p f ? T f N (4) fj t=0 = f 0 (5) or explicitly for (4) @ t f ? p f = (p e(f)) 1? 2 p A(f)(rf; rf) (6) where A(f)( ; ) is the second fundamental form on N. For a global weak solution which is partially regular in the sense that rf 2 C 0; in space-time up to nitely many singular times T 1 < T 2 < : : : < T K 1 (and K is a priori bounded in terms of the initial p-energy). Moreover solutions in L 1 (0; T; W 1;1 (M; N)) are known to be unique (see 8] Hence we have div(jdfj p?2 hX(f); rfi) = h@ t f; X(f)i (9) in the sense of distributions. Notice that, since f 2 V (M; N), there are test functions ' 2 V (M; IR) allowed in (9) . Let n denote the dimension of N. H elein 7] observed that on a homogeneous space with a left invariant metric of dimension n there exist n linearly independent Killing vector elds X i and n linearly independent tangent vector elds Y i such that any tangent vector eld W on N can be written as W = hW; X i iY i : (10) In fact, if N is represented as a quotient N = G=H of a connected Lie group by a closed, discrete subgroup H, we may choose as fX i g 1 i n a basis of the Lie algebra g of G and Y j a suitable linear combination of the vector elds X i , 1 i n. In general Y i 6 = X i as the vector elds X i need not to be orthonormal.
Applying (10) to the vector elds @ f, 1 m, we get jdfj p?2 @ f = jdfj p?2 h@ f;
and hence, by taking the divergence on both sides of this equation and using (9) and (10) we obtain (weakly)
Thus (4) implies @ t f ? p f = ?jdfj p?2 h@ f;
In fact (11) is equivalent to (4) as can easily be seen. Now, the product on the righthand side of (11) has a very special structure: We have seen, that the divergence of the rst factor jdfj p?2 h@ f; X i (f)i is h@ t f; X i (f)i (this was (9) 
ih; (i + 1)h).
Thus, rewriting (12) in view of Section 2 we get the analogues of (9) and (11): (h) . To simplify the notation in the following calculation we drop the h (which is xed for the moment) and just write f for f (h) .
We assume that and by applying H older's inequality and (14) we see that the sum of the terms in (19) and (20) is smaller than a constant c = c(T) not depending on h.
Since we have shown above that ff (h) g h>0 is totally bounded in L 1 (0; T; L 1 (M)) for all > 0, it follows that ff (h) g h>0 is also totally bounded in L 1 (0; T; L 1 (M)) and this completes the proof.
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Remark: An alternative proof is possible by using the compactness Theorem of 
as a consequence of the partial integration rule for the discrete operator @ (h) . Moreover we have
for arbitrary " > 0 and hence we can pass to the limit in the rst term of (11'). To 
Proof
The proof is a straightforward consequence of the Lebesgue dominated convergence theorem and Egoro 's theorem.
2
In order to pass to the limit in the p-Laplace term in (11') we need some more compactness for ff (h) 
for all i and with the convention f i = 0 for negative time t. 
Choosing to be small, using the facts that df 2 L p (0; T; L p (M)), jE i j ! 0 as i ! 1 and (24){(25), the assertion follows. 2
Now, by Lemma 4 (and by a standard diagonalizing argument) we may assume that for a suitable sequence h ! 0 df (h) ! df strongly in L q (0; T; L q (M)) for all q < p and hence (since fdf (h) g h>0 is bounded in L p (0; T; L p (M))) jdf (h) j p?2 df (h) * jdfj p?2 df weakly in L p 0 (0; T; L p 0 (M)).
(26)
